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ABSTRACT 
 
Background: Comparative literature on the effect of cyclic loading, on the 
microgap at the implant-cast abutment interface of screw-retained implant 
supported restoration using base metal alloys are inadequately documented. 
Materials and methods: Ten implant-supported cast abutment-restorations 
each were fabricated using Nickel-Chromium (Ni-Cr) (Group I) and Cobalt-
Chromium (Co-Cr) alloy (Group II). All twenty samples were subjected to 
cyclic loading of 0-109N, for 1,50,000 cycles, simulating 6 months of 
function. Scanning electron microscopic measurements of the implant-cast 
abutment interface were made both before and after cyclic loading. The results 
were analyzed using Paired ‘t’ and Independent ‘t’ test. 
Results: Cyclic loading resulted in the reduction of the microgap at the 
implant-cast abutment interface for both Ni-Cr and Co-Cr test samples. The 
respective differences between the mean pre and post cyclic load microgap 
measurements for both groups were statistically insignificant (p–value > 0.05). 
Whereas, the mean microgap values after cyclic loading were significantly 
lower than those values before cyclic loading for both Ni-Cr and Co-Cr 
samples (p-value < 0.05).  
Conclusion: Simulated functional loading on a maxillary anterior screw-
retained implant-supported restoration led to a decrease in the microgap at the 
implant-cast abutment interface. 
Keywords: Screw-retained implant-supported restorations, cast-abutment 
restorations, implant-cast abutment interface, microgap. 
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INTRODUCTION 
Osseointegrated titanium dental implants have been used extensively in 
oral rehabilitation for the replacement of one or more missing teeth, with 
satisfactory survival rates.
1,2,7,29,38 
With a reported long-term success rates of 
above 90%, implant-supported prostheses have enabled patients to experience 
a satisfactory resolution of their prosthodontic problems.
1,11,53
 The treatment 
option of single-tooth implant-supported restorations is now largely accepted 
with satisfactory outcomes from longitudinal studies reported in the 
literature.
13
  
Currently, a majority of partially edentulous situations restored with 
single-tooth implant-supported restoration employ a two-piece endosseous 
implant and its transmucosal component, joined together by the clamping 
action of abutment screw joint.
11
 Implant restorations over such two-piece 
implants can be cement-retained, screw-retained, or a combination of both. 
Even though, cement-retained prostheses provides a less costly and simpler 
method of fabrication, their use in the anterior single-tooth situation may be 
restricted due to implant angulation and esthetic requirements.
27,35 
 The use of screw-retained implant prostheses in restoring completely 
and partially edentulous patients is well documented.
2,35
 They are advocated in 
partially edentulous situations to overcome angulation and esthetic 
problems.
7,8
 They provide an advantage of retrievability of restorations for 
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reservicing and/or replacement of the restoration.
35
 It is also reported that 
these prostheses have exhibited significantly smaller marginal opening as 
compared to cement-retained restorations.
27  
Although screw-retained crown protocol for a single-tooth two-piece 
implant, is well established, crown complications are common.
10,27 
These 
complications are mostly associated with implant-abutment screw joint 
integrity.
15
 This joint is also known as the implant-abutment interface. This 
can be either a butt-joint or a bevel joint.
7
 The contact between implant and 
abutment platform is a key factor, as it reduces the load over the abutment or 
prosthesis screw.
8
 Poor adaptation or misfit at the implant-abutment interface 
gives rise to a marginal gap between the implant and the abutment. Loss of 
integrity of this joint or interface leads to biologic, mechanical or both types of 
complications.
8,25,27
  
The screw-type connections (both external and internal hexagon types) 
rely on clamping the abutment to the top of the implant by a connecting screw, 
torqued to pre-determined values as established by the implant manufacturer.
11
 
This clamping force between two surfaces is maximized and most stable when 
no gaps are present between them. The success of a screwed connection is 
directly related to the preload reached during torque and its maintenance over 
time.
 
Preload has been described as the tension generated in an abutment 
screw upon tightening and is a direct determinant of the clamping force. Misfit 
at the interface may lead to mechanical failures such as early loss of preload 
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and screw loosening, abutment screw fracture, implant fracture and even 
prosthesis fracture and potentiate clinical implant failure.
9,49 
This misfit also results in increased microleakage,
23
 gingivitis and bone 
loss.
20,39
 It allows micro-organisms to penetrate and colonize even into the 
inner part of the implant,
16
 leading to periodontitis, progressive bone loss 
approximately 2mm apical to the microgap
20
 and eventually implant loss.
16,47 
Bacterial penetration also occurs under masticatory cycles.
46 
Micro 
movements of the implant components during function may allow the 
initiation of a pumping effect, causing bacteria to move through the implant-
abutment interface.
38
 The microgap can be further enlarged under loading 
when the implant assembly components are subjected to eccentric forces. Thus 
bacterial colonization is impacted by multifactorial conditions like the 
precision fit between the implant components, torque forces when the 
components are connected and loading forces when the implants are in 
function.
47
  
The geometry of the implant-abutment connection may also affect 
stresses generated from loading and these stresses may have a role in 
development of complications.
3
 Implant-abutment connection geometry can be 
broadly classified as either external or internal connection.
7
 Currently, the 
internal implant-abutment connection geometry is advocated as it could 
potentially reduce stresses within the connection when off center loads are 
applied,
3 
and provides a strong, stable interface.
7,49 
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Commercially, pre-machined abutments are available in titanium alloy, 
noble metal alloys, base metal alloys, aluminium oxide alloys, zirconia and 
zirconia with titanium alloy connections.
7
 In order to address angulation and 
esthetic concerns, castable, plastic burnout patterns popularized by the UCLA 
abutment, that can be cast using various alloys are available.
8,32
 This burnout 
pattern, fits directly on top of either the implant intra-orally or on the 
laboratory implant analogues, which are placed in the master cast. The plastic 
pattern is used to develop the wax pattern for the final restoration, which will 
connect directly to the implant restoration.
32
 These UCLA type castable 
abutments can be cast with both noble metal alloys and base metal 
alloys.
13,25,26,43
 Noble metal alloys were the first to be used as castable material 
but with the development of economical materials for casting with 
significantly better mechanical properties, their use has decreased.
19
 Titanium 
alloys have exceptional mechanical properties and excellent biocompatibility. 
They provide excellent corrosion resistance to saline or acidic environments. 
Nevertheless, casting titanium alloys have a high production cost and are 
highly technique  sensitive.
43
 Other base metal alloys like Nickel-Chromium 
(Ni-Cr) and Cobalt-Chromium (Co-Cr) used in screw-retained implant 
supported restorations have comparable mechanical properties to that of 
titanium, with their modulus of elasticity being the best among all alloys used 
for cast restorations.
5,26
 These alloys also provide a low cost solution for 
screw-retained prosthesis,
19
 thereby reducing overall treatment costs and 
making it an affordable treatment option for many patients. 
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Fatigue test or cyclic loading tests are intended to simulate components 
in function, which permits analysis of possible interaction between microgap 
and loading.
8,11,15,23,25,26,49 
 Researchers have tested the effect of cyclic loading 
on different aspects such as screw loosening (detorque),
9,15,28 
microgap at the 
interface,
8,11,25,26,49 
surface changes on implant platform or screw channel
49
 and 
microbiological assessments.
33,38
 Cyclic loading tests evaluating the microgap 
have focused on various comparisons, such as, between internal and external 
hex connections,
9,28
 and/or between prefabricated and cast abutments
13
 and 
within different abutment screws,
18
  but with varying results. The microgap of 
premachined titanium abutments and cast abutments to the implant interface in 
single-tooth implant situations has been well documented in terms of precision 
of fit.
8,13,25
 Within these reports, the microgap at implant-abutment interface in 
castable abutments with various alloys has been shown to be greater when 
compared to prefabricated titanium abutments.
8
 This has been attributed to 
possible irregularities in the casting procedure.
25,26 
Most of these reports are 
based on studies using noble alloys,
15
 titanium alloys
4
 and few with base metal 
alloys.
25,26 
However, a majority of these reports have commented only on the 
existing or the as-cast microgap.
8,11,25,26,49
 Comparative literature on the effect 
of cyclic loading, on the implant-cast abutment interface (microgap) of screw-
retained implant supported restoration using Ni-Cr and Co-Cr alloys in an 
anterior single-tooth partially edentulous situation is inadequately 
documented.
13 
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The various techniques employed for measurement of microgap at the 
implant-abutment interface, include scanning electron microscopy 
(S.E.M.),
12,14,53
 scanning laser microscopy (S.L.M.),
50
 optical microscopy,
5,13 
reflex microscopy, travelling microscopy, stereromicroscopy,
27 
liquid strain 
gauges,
21
 gas permeability,
48 
radiography,
40,44 
3D micro-tomographic 
technique,
34 
laser videography and photoprogrammetric techniques.
11
 
Scanning electron microscopy is a well-documented, precise and accurate 
means of measuring the microgap at the implant-abutment interface.
8,12,14,53
  
In light of the above, the aim of the present in-vitro study was to 
comparatively evaluate the effect of cyclic load on the microgap at the 
implant-abutment interface, with the cast abutment-restorations fabricated 
using two different base metal alloys for screw-retained implant supported 
restorations. The microgap measurements were done by scanning electron 
microscopy. 
The objectives of the present study included the following: 
1. To measure the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr alloy before cyclic 
loading using scanning electron microscope. 
2. To measure the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr alloy after cyclic loading 
using scanning electron microscope. 
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3. To measure the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Co-Cr alloy before cyclic 
loading using scanning electron microscope. 
4. To measure the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Co-Cr alloy after cyclic loading 
using scanning electron microscope. 
5. To compare the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr alloy before and after 
cyclic loading. 
6. To compare the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Co-Cr alloy before and after 
cyclic loading. 
7. To compare the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr and Co-Cr alloys before 
cyclic loading. 
8. To compare the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr and Co-Cr alloys after 
cyclic loading. 
9. To compare the microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr and Co-Cr alloys both 
before and after cyclic loading (within and between groups). 
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REVIEW OF LITERATURE 
Lewis SG et al (1992)
32 
reported on various uses of the UCLA 
abutment, its advantages and disadvantages when compared to conventional 
implant abutment. They concluded that, UCLA abutment can be used in 
situations to solve problems involving limited interocclusal distance, esthetics, 
angulation, interproximal distance between implants and soft tissue health. 
They also indicated a 95.8% success rate over a four year period for UCLA 
abutments. 
Dellow AG et al (1997)
14
 conducted a study using scanning electron 
microscope (S.E.M.) to investigate the implant-abutment interface fit of four 
implant systems, as well as the implant-abutment fit when interchanged 
among the four systems. They concluded that no significant differences in 
microgap values were found when interchanging components. Microgap 
measurements were small between implant and abutment when interchanging 
components, indicating good machining tolerances. 
Jansen VK et al (1997)
23
 studied the microbial leakage at the implant-
abutment interface of 13 different implant-abutment combinations. Penetration 
of E.Coli was observed for 14 days. The marginal fit at implant-abutment 
interface was also observed under scanning electron microscopy at x775 
magnification at 4-12 locations, at right angle to the interface. In most cases, 
microbial leakage is observed within the first 2 days itself. Marginal gaps of 
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all prefabricated parts were smaller than 10 µm. It was concluded that current 
implant systems cannot prevent microbial leakage and bacterial colonization 
of the inner part of the implant. 
Byrne D et al (1998)
8
 assessed the adaptation of premachined, cast, 
and laboratory modified premachined abutments to implants at two sites: 
implant-abutment interface and screw to screw seat. The samples were 
mounted parallel to the table of the measuring microscope to measure at two 
areas for fit and internal adaptation at x100 magnification. The results of this 
study confirmed the suggestion that premachined abutments, which include 
those abutments that are modified in a laboratory, are superior in adaptation to 
those cast from burnout patterns. 
Keith SE et al (1999)
27
 quantified the marginal discrepancy of the 
implant-to-prosthetic-crown interface on non-submerged dental implants 
restored with either a cemented or a screw-retained approach. They concluded 
that the mean marginal discrepancy of screw-retained metal-ceramic crowns 
on implant abutments is significantly smaller than that of cemented metal-
ceramic crowns. 
Gross M et al (1999)
16
 investigated the degree of microleakage at the 
implant-abutment interface of 5 implant systems at varying closing torque. As 
closing torque is increased from 10 Ncm to 20 Ncm to manufactures’ 
10 
 
 
recommended closing torques, microleakage decreased significantly               
(p < 0.005) for all systems. 
Cibirka RM et al (2001)
9
 examined potential differences in detorque 
values of abutment screws after fatigue testing with internal or external 
hexagon connection. Connections tested were the standard external hexagon, 
modified external hexagon and circular platform geometry. A fatigue testing 
device delivered dynamic loading forces between 20 and 200 N for 5,000,000 
cycles simulating 5 years of in vivo mastication. No abutment looseness or 
longitudinal displacement was noted. It was concluded that increasing the 
vertical height, or degree of fit tolerance, between the implant external 
hexagon and the abutment internal hexagon or completely eliminating the 
implant external hexagon did not produce a significant effect on detorque 
values. External hexagon design only aids in surgical placement and 
orientation of the abutment to the implant. It does not influence force 
distribution or rotational resistance and may therefore affect the attainment of 
optimum preload during initial abutment screw tightening. 
Gratton DG et al (2001)
15
 investigated dental implant screw joint 
micromotion and dynamic fatigue as a function of varied preload torque 
applied to abutment screws when tested under simulated clinical loading. They 
observed that the 16 Ncm group exhibited greater micromotion (p < 0.001) 
than both the 32 and 48 Ncm groups at all cycle intervals (2-way ANOVA, 
Tukey HSD). Micromotion of the implant-abutment interface remained 
11 
 
 
constant (p = 0.99) for each of the preload groups through 1,00,000 cycles. 
Under the loading parameters of this study, no measurable fatigue of the 
implant-abutment interface occurred. However, dental implant screw joints 
tightened to lower preload values exhibited significantly greater micromotion 
at the implant-abutment interface. 
Hoyer SA et al (2001)
21
 investigated the fatigue life of UCLA-style 
abutment screws in wide-diameter versus conventionally sized dental implant 
restorations. They found that the dental implant-abutment interface of 3.75 
mm and 6.0 mm externally hexed implants experienced similar joint opening 
after periods of dynamic loading. Laboratory adjustment of the interface 
significantly decreased the service life of the abutment screw joint. 
Hecker DM et al (2003)
18
 investigated the change in fit of implant-
supported prosthesis after cyclic loading and also determined the amount of 
change. A cyclical load of 200 N was applied for 2,00,000 cycles. They 
concluded that the gap dimension between the prosthetic superstructure and 
implant-supported abutment decreased. There was a significant (p = 0.024) 
decrease in gap dimensions when the load was applied on the anterior of the 
framework. 
Kano SC et al (2006)
24
 compared the loss of applied torque values 
between machined titanium abutments and cast UCLA-type abutments for 
external hex implant-abutment interface. Four groups of 12 samples each were 
12 
 
 
evaluated: (1) machined titanium abutments, (2) premachined palladium 
abutments cast with palladium, (3) plastic abutments cast with nickel-
chromium, and (4) plastic abutments cast with cobalt-chromium. Each 
abutment was torqued to 30 Ncm and detorqued three times. Machined 
abutments demonstrated significantly greater detorque values compared with 
cast abutments (p < 0.05). No significant differences were found among cast 
groups. Casting procedures decrease the percentage of applied torque, which 
may influence the final screw joint stability. 
Coelho AL et al (2007)
11
 developed a technique to evaluate 
the implant-abutment gap of an external hexagon implant system as a function 
of radius. Implant-abutment gap distances were recorded along the implant-
abutment region for each section. Individual measurements were related to 
their radial position through trigonometric inferences. All implants presented 
communication between external and internal regions through connection gaps 
and inaccurate implant-abutment alignment. Polynomial lines showed implant-
abutment gap values below 10 μm, between 0 μm to approximately 250 μm of 
the implant-abutment engagement region. Gap distances significantly 
increased to approximately 250 μm at the outer radius of the implant-
abutment engagement region.  
Jaime AP et al (2007)
22
 evaluated the effect of cast rectifiers on the 
misfit of cast UCLA abutments compared to premachined UCLA abutments. 
The influence of casting and porcelain baking on the marginal misfit of these 
13 
 
 
components was also investigated. They concluded that the use of rectifiers in 
cast UCLA abutments reduced significantly, the marginal misfit at the 
implant-abutment interface. Even with carefully performed laboratory steps, 
changes at implant-abutment interface of premachined UCLA abutments 
occurred. Porcelain baking did not alter the marginal misfit values of UCLA 
abutments. 
Kano SC et al (2007)
25
 conducted a study to propose a classification 
system based on the horizontal and vertical microgap of the implant-abutment 
interface. They classified microgap as (1) ideal relationship, (2) horizontal 
discrepancy only, (3) vertical discrepancy only and (4) both horizontal and 
vertical discrepancy. Premachined cast-on abutments had significantly higher 
horizontal misfit than cast Ni-Cr abutments (p < 0.001). In the proposed 
classification system, 23% of all sites measured at the implant-abutment 
interface had an ideal relationship, 34% had a horizontal discrepancy only, 4% 
had a vertical discrepancy only, and 39% had both vertical and horizontal 
discrepancies. They concluded that the proposed implant-abutment 
classification system demonstrated a way to characterize and compare the 
microgap at the implant-abutment interface.  
Roach M (2007)
43
 reviewed the base metal alloys used for dental 
restorations in implants and concluded that Ni-Cr alloys have superior 
properties for use in porcelain-fused-to-ceramic (PFM) applications. Also their 
coefficient of thermal expansion is closer to that of the porcelain veneers, 
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which prevents cracking of the restoration. He also observed that the Co-Cr 
alloys are more corrosion-resistant than the Ni-Cr alloys and have physical 
properties similar to that of the Ni-Cr alloys, However, the coefficient of 
thermal expansion of Co-Cr alloys is not as compatible to that of the 
porcelains as the Ni-Cr alloys. Cast Titanium alloys have physical properties 
which is comparable to that of other base metal alloys. Also titanium alloys 
have excellent biocompatibility and are corrosion resistant. 
Tsuge T et al (2008)
50
 aimed to compare and evaluate the marginal fit 
and the size of microgap at the implant-abutment interface for several external 
and internal anti-rotation configurations. The marginal fit between implant and 
abutment was observed at four locations (rotating in 90° increments) under 
scanning electron microscope at x700 magnification. Thereafter the microgap 
values were determined using a scanning laser microscope at x500 
magnification. They determined the microgap values of all implant-abutment 
interfaces examined in the study ranging from 2.3 to 5.6 µm. 
Barbosa GAS et al (2008)
4
 investigated whether there is a direct 
correlation between the level of vertical misfit at the implant-abutment 
interface and torque losses in abutment screws. They concluded that there was 
no significant correlation between the values of vertical misfit at the implant-
abutment interface and the values of torque losses applied over the UCLA 
abutment screws. These findings indicate that great vertical misfits do not 
necessarily imply higher detorque values. 
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Steinebrunner L et al (2008)
46
 evaluated the influence of long-term 
dynamic loading on the fracture strength of different implant-abutment 
connections. Six implant systems were tested: two systems with external 
connections and four systems with internal connections. Fracture strength was 
tested with and without dynamic loading. Dynamic loading was performed in 
a two-axis chewing simulator with 12,00,000 load cycles at 120 N. They 
concluded that implant systems with long internal tube-in-tube connections 
and cam-slot fixation showed advantages with regard to longevity and fracture 
strength compared with systems with shorter internal or external connection 
designs. 
Yüzügüllü B et al (2008)
53
 assessed the changes in implant-abutment 
interface of titanium, alumina and zirconia abutments placed on Branemark 
implants subjected to a standard dynamic loading regimen and evaluated by 
scanning electron microscopy analysis. They found that after dynamic loading, 
there was no significant difference between aluminum oxide, zirconium oxide, 
and titanium abutment groups regarding the microgap at the implant-abutment 
interface. They also determined a decrease in the microgap values after 
loading for 47,250 cycles simulating 45 days of mastication in zirconia and 
alumina abutments. They hypothesized this decrease to fretting, resulting in 
loss of surface irregularities at the interface, thereby, resulting in the decrease 
in the marginal gap. 
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Tesmer M et al (2009)
47
 aimed to use an in vitro model to assess the 
potential risk for invasion of oral microorganisms into the implant-abutment 
microgap of dental implants with different characteristics of the connection 
between the fixture and abutment. Thirty implants were divided into three 
groups (n = 10 per group) based on their microgap dynamics. Groups 1 and 2 
were comprised of fixtures with internal Morse-taper connections that 
connected to standard abutments and the same abutments with a 0.5 mm 
groove modification, respectively. Group 3 was comprised of implants with a 
tri-channel internal connection. They concluded that differences in implant 
designs may affect the potential risk for invasion of oral microorganisms into 
the implant-abutment microgap. 
Tsuge T et al (2009)
49
 evaluated the effect of eccentric cyclic loading 
on abutment screw loosening in internal and external hexagon implants with 
either of two screw materials, titanium or gold alloy. The reverse torque value 
of the abutment screw was measured before (initial preload) and after loading 
(post-loading). In all the groups, post-loading preload was significantly higher 
than initial preload. They concluded that the implant-abutment connection did 
not have an effect on screw loosening, but the abutment screw material did. In 
particular, Ti abutment screws were less likely to come loose. 
Cunha TDMAD et al (2010)
12
 compared the vertical gap 
of zirconia abutment associated with implants from the same manufacturer 
(Procera manufacturer) and two other implant systems. They concluded that 
17 
 
 
the association of Procera zirconia abutment with other implant systems 
different from its manufacturer demonstrated significant alteration of vertical 
misfit at implant-abutment interface.  
Hedge C et al (2010)
19
 compared the various restorative materials that 
can be used in implant restorations. They concluded that the use of base metal 
alloys in implant restorations has not been popular due to potential for 
corrosion between dissimilar materials. They also stated that base metal alloys 
have excellent physical properties and better castability when used for metal-
ceramic restorations when compared to noble metal alloys. Co-Cr alloys are 
the most common alternative to patients allergic to nickel. 
Rack A et al (2010)
40
 investigated the micro-gap formation at the 
implant–abutment interface of two-piece dental implants using high-resolution 
radiography in combination with hard X-ray synchrotron radiation. Images 
were taken with the specimen under different mechanical loads of up to 100 N. 
They found that synchrotron-based radiography in comparison with classical 
laboratory radiography yields high spatial resolution in combination with high 
contrast even when exploiting micro-sized features in highly attenuating 
objects. The first illustration of a micro-gap which was previously 
indistinguishable by laboratory methods underlines that the complex micro-
mechanical behavior of implants requires further in vitro investigations where 
synchrotron-based micro-imaging is one of the prerequisites. 
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Ricomini Filho AP et al (2010)
42
 evaluated the preload loss and 
bacterial penetration through the implant-abutment interface of conical and 
external hexagon connection systems subjected to thermal cycling and 
mechanical fatigue (TM). Four different implant-abutment connection systems 
were evaluated (n = 6): external hexagon with universal post, Morse taper with 
universal post, Morse taper with universal post through bolt, and locking taper 
with standard abutment. The bacterial penetration was assessed and the 
abutments were observed by scanning electron microscopy. They found that 
all screw-abutment systems showed significantly higher (p < 0.05) detorque 
values when subjected to TM and all conical systems presented bacterial 
penetration. The results show no relationship between the preload loss and the 
bacterial penetration. 
Asvanund P et al (2011)
3 
compared the load transfer characteristics of 
a complete-arch restoration supported by 4 implants with external and internal 
implant-abutment connections. Loads were applied to the prostheses in three 
positions. Two-dimensional photoelastic models were used to simulate bone. 
Two types of implants were placed in the photoelastic models. Complete-arch 
metal frameworks were fabricated on the abutments. Artificial teeth were 
arranged on the framework, and the prosthesis was screwed onto the 
abutments. The specimens were analyzed at two levels (implant-abutment 
level and apical to the implant level) with three loading conditions (4-point 
load; 2-point anterior load; and 2-point lateral load). They concluded that 
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when loaded off-center, the internal-implant abutment connection produced 
less stress when compared with the external-implant abutment connection. 
Therefore, the internal-implant abutment connection could potentially reduce 
stresses within the connection when off-center loads are applied.  
De Jesus Tavarez RR et al (2011)
13
 evaluated the vertical misfit at the 
implant-abutment interface of premachined cast-on and premachined 
abutments of external and internal connections before and after cyclic loading. 
They concluded that premachined abutments presented better vertical misfit 
than premachined cast-on abutments for external hex implant connection, for 
both before and after cyclic loading analysis. Cyclic loading increased the 
vertical misfit of premachined cast-on external hex abutments and 
premachined octagonal internal abutments. 
Lorenzoni FC et al (2011)
33
 evaluated the sealing capability of 
external hexagon implant systems and assess the marginal fit. Two groups     
(n = 10 each) were employed: SIN (Sistema de Implantes National, Brazil) 
and Osseotite, (Biomet 3i, U.S.A.). S.E.M. analysis depicted gaps in 
the implant-abutment interface of both groups. Gaps in the implant-
abutment interface were observed along with increased leakage at the 
144 hours evaluation period. 
Sharkey S et al (2011)
44
 investigated the effect of gap size and the 
relative angle at which a radiograph was taken on the detection of component 
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misfit. Different types of implant connections (internal or external) and 
radiographic modalities (film or digital) were assessed. They observed that the 
relative angulation of the radiograph and the dimension of the gap were the 
most significant factors affecting an examiner’s diagnostic ability. There were 
good inter-examiner reliability and neither the type of component used nor the 
radiographic media used influenced diagnostic ability. They suggested that, 
angulation of the X-ray beam relative to implant components needs to be 
controlled when using radiographs to detect component misfit.   
Torres JH et al (2011)
48
 conducted a study aimed at adapting the gas 
permeability technique used to assess endodontic sealing to implant-abutment 
connection leakage. A new nitrogen flow technique was developed for 
implant-abutment connection leakage measurement, adapted from a recent, 
sensitive, reproducible and quantitative method used to assess endodontic 
sealing. The results show very significant differences between various sealing 
and screwing conditions. The remaining flow was lower after key screwing 
compared to hand screwing (p = 0.03) and remained different from the 
negative test (p = 0.0004). The method reproducibility was very good, with a 
coefficient of variation of 1.29%. They concluded that the presented new gas 
flow method appears to be a simple and robust method to compare different 
implant systems. It allows successive measures without disconnecting the 
abutment from the implant and should in particular be used to assess the 
behavior of the connection before and after mechanical stress. 
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Meleo D et al (2012)
34
 demonstrated the use of 3D micro-tomographic 
technique to determine the micro-gap measurements at the fixture-abutment 
connection surface. It also allows to acquire 3D images and to perform 
evaluations in a non-invasive and non-destructive and sufficiently magnified 
3D reconstruction; reliable measurement of numeric data of the internal 
structure (morphology, structure and ultra-structure). They concluded that the 
connection geometry of the fixture-abutment complex influences the 
mechanical properties of an implant system.  
Nascimento C et al (2012)
38
 investigated the influence of repeated 
tightening of the abutment screw on leakage of Streptococcus Mutans along 
the interface between implants and pre-machined abutments. They found 
microorganisms on the internal surfaces of both groups. However, bacterial 
counts in group 2 were significantly higher than that in the control group       
(p < 0.05). These results suggest that bacterial leakage between implants and 
abutments occurs even under unloaded conditions and at a higher intensity 
when the abutment screw is tightened and loosened repeatedly. 
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MATERIALS AND METHODS 
 The present in-vitro study was conducted to comparatively evaluate the 
effect of cyclic load on the microgap at the implant-abutment interface, with 
the cast abutments fabricated using two different base metal alloys.   
The following materials and equipments were used for the study: 
MATERIALS EMPLOYED: 
 Non-surface treated titanium dental implant, Standard platform, 3.75 X 
11.50 mm (Seven, MIS Implants Technologies Ltd., Israel) (Fig.1) 
 Spirit level indicators (Fig.2) 
 Clear autopolymerizing acrylic resin (RR Cold Cure, DPI, India) 
(Fig.3) 
 Direct plastic cylinder (abutment) internal hex with hex, MD CPH13 
(MIS Implants  Technologies Ltd., Israel) (Fig.4a) 
 Titanium abutment screw (MIS Implants  Technologies Ltd., Israel) 
(Fig.4b) 
 1.25 mm Hex driver, long (Zimmer Dental, U.S.A.) (Fig.5a) 
 Calibrated torque wrench (Zimmer Dental, U.S.A.) (Fig.5b) 
 Polyvinyl Siloxane (PVS) impression material – Addition type 
(Aquasil, Dentsply, Germany) 
 Soft putty/ Regular set (Fig.6a) 
 Light body consistency (Fig.6b) 
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 Auto mixing spiral (Yellow-70 mm, Adenta, USA) (Fig.6c) 
 Auto mixing gun (Dispensing Gun 2, Heraeus Kulzer, Dormagen, 
Switzerland) (Fig.6d) 
 Inlay casting wax (GC Corporation, Tokyo, Japan) (Fig.7) 
 PKT instruments (Delta labs, Chennai, India) (Fig.8) 
 2.5 mm sprue wax (Bego, Germany) (Fig.9a) 
 Surfactant spray (Aurofilm, Bego, Germany) (Fig.9b) 
 Silicone investment ring and crucible former (Sili Ring, Delta labs, 
Chennai, India) (Fig.9c) 
 Phosphate bonded investment (Bellasun, Bego, Germany) (Fig.9d) 
 Colloidal silica (Begosol, Bego, Germany) (Fig.9e) 
 Distilled water (Merck, Mumbai, India) (Fig.9f) 
 Paint brush-small (Kiran series 024 point, India) (Fig.9g) 
 Nickel-Chromium (Ni-Cr) alloy pellets (Bellabond plus, Bego, 
Germany) (Fig.10) 
 Cobalt-Chromium (Co-Cr) alloy pellets (Wirobond C, Bego, Germany) 
(Fig.11) 
 Casting crucible (Bego, Germany) (Fig.12a) 
 Aluminum oxide powder, 50 μm (Korox, Bego, Germany ) (Fig.12b) 
 Carborundum separating discs (Dentorium, U.S.A.) (Fig.13a) 
 Tungsten carbide burs (Edenta, Switzerland) (Fig.13b) 
 Silicon carbide rubber points (Dentsply, Germany) (Fig.13c) 
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 Plastic instrument (API, Manipal, India) (Fig.14a) 
 Light cure restorative composite (Filtex Z350 XT, 3M ESPE, 
Minnesota,U.S.A.) (Fig.14b) 
 Custom-made jig (Fig.15) 
EQUIPMENTS EMPLOYED: 
 Dental surveyor (Saeshin Precision Ind. Co., Korea) (Fig.16) 
 Vacuum power mixer (Whipmix, Kentucky, U.S.A.) (Fig.17) 
 Burnout furnace (Technico, Technico laboratory products Pvt Ltd., 
Chennai, India) (Fig.18a) 
 Induction casting machine (Fornax, Bego, Germany) (Fig.18b) 
 Sandblaster (Delta labs, Chennai, India) (Fig.19) 
 Alloy grinder (Demco, California, U.S.A.) (Fig.20) 
 Light cure unit (Confident dental equipments Ltd. , India)  (Fig.21) 
 Scanning Electron Microscope S-3400N (Hitachi High Technologies 
Corporation, Japan) (Fig.22) 
 Custom-made cyclic loading machine (Fig.23a&b) 
Description of the custom-made cyclic loading machine (Fig.23a&b): 
 In the present study, a cyclic loading machine was custom-fabricated 
to simulate components in function, which permitted analysis of microgap at 
the implant-cast abutment interface and its possible interaction with loading. It 
consisted of a motor with gearbox, which when rotated, compressed a spring. 
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The spring applied a load, which was transmitted to the test sample. Its 
individual components and calibration are described below: 
Specification of motor: 
 90 Watts, single phase 230V, Continuous rating, motor giving 1350 
RPM with gear reduction box of 1:18 giving a final RPM of 75 (Swipfe 
Industries, Pune, India). 
Specification of spring: 
 Spring load spring ISO 10243:2010 (Special Springs, Rosa, Italy) 
 Hole diameter – 16 mm, Rod diameter – 8 mm  
 Free length of spring – 38 mm  
 Spring constant – 48.5 N/mm 
Specification of timer: 
 999 minutes timer with time memory (K-Pas, Chennai, India) 
 The motor was connected to an eccentric cam of 2.5 mm, which 
rotated on motor being turned on. The 2.5 mm eccentric cam compressed a 
spring to the same length as it rotated, generating a load of approximately 120 
N. The spring transmitted the load to the stylus (3 mm diameter), which 
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transmitted a lesser load of approximately 109 N to the sample, due to loss of 
energy. 
Calibration of custom-made cyclic loading device: 
 The maximum and minimum loads delivered by the custom-fabricated 
cyclic loading device were calibrated by a professional load calibration agency 
(Hi Tech Calibration Services, Chennai, India). 
Calibrated Results: 
Mode: Auto 
 Max. Load: 109.49 N, Min. Load: -6.52 N 
Mode: Manual 
 Max. Load: 117.83 N,  Min. Load: -7.97 N   
Description of Scanning Electron Microscope (Fig.22): 
 Scanning electron microscope (S.E.M.) consists of a vacuum specimen 
chamber with a 5-axis fully motorized stage. The variable chamber pressure 
allows chargeup-free observation of any sample without special preparation 
techniques such as coating. It has a working distance of 10 mm and a 
magnification of x5 – x3,00,000. Auto focus and auto alignment mode was 
used to focus at the centre of the implant-cast abutment interface for each of 
the 4 surfaces. The image on the monitor was captured using a PC-SEM 
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software and then transferred to Quartz PCI software. Measurements were 
made using the Quartz PCI software and saved in jpeg format. The test sample 
was loaded onto the stage in the specimen chamber. Chamber door was closed 
and air evacuated. The specimen was then brought into focus and using the 
auto focus and auto alignment option, the centre of the sample was 
determined. The implant abutment interface was then observed at x500. For 
measuring the microgap, the outer perimeter of the implant-cast abutment 
interface was used, excluding the bevels in measurement.This was repeated for 
all four sides (A, B, C and D) and all twenty (n = 20) samples, both before and 
after loading. The image on the monitor was captured and saved using        
PC-SEM software and transferred to Quartz PCI software for measurements. 
The digital noise of the image was reduced and then inverted to identify the 
marginal gap, if any. Using measurement tools available in the Quartz PCI 
software, the microgap at the implant-cast abutment interface was measured. 
This image with measurement was saved. 
Description of custom-made jig (Fig.15): 
 The custom-made jig consists of a platform and bolt. The test sample 
when placed in the jig platform is positioned at 30° angulation which can be 
secured in place with the help of a bolt. 
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METHODOLOGY: 
I. Preparation of stainless steel blocks and stabilizing plates 
II. Placement of implants in the stainless steel blocks 
III. Connection of direct plastic cylinder to implants 
IV.  Fabrication of Ni-Cr and Co-Cr cast abutment-restorations 
a. Preparation of wax patterns 
b. Attachment of sprue to the wax patterns 
c. Investment procedure 
d. Burnout procedure  
e. Casting procedure 
f. Divesting and finishing the screw retained cast crowns 
V. Fixation of cast abutment-restorations to the implants  
VI. Closure of screw access hole 
VII. Measurement of the microgap at the implant-cast abutment interface 
before cyclic loading 
VIII. Cyclic loading of the test samples  
IX. Measurement of the microgap at the implant-cast abutment interface 
after cyclic loading 
X. Statistical analysis 
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I. Preparation of stainless steel blocks and stabilizing plates   
(Fig.24a&b,25) 
 Twenty metal blocks of dimensions 25mm x 25mm x 18mm with a 
cylindrical mold space of diameter 18 mm and depth 16 mm were                 
custom-fabricated (Fig.24a&b). Grooves were made in the internal 
surfaces of the cylindrical mold space to help retain the 
autopolymerizing acrylic resin. A pair of stabilizing plates was custom- 
fabricated (Fig.25) to hold the stainless steel block on the surveyor 
platform. 
II. Placement of implants in the stainless steel blocks (Fig.26-30)                                
The surveying platform of a dental surveyor (Saeshin Precision Ind. Co., 
Korea) (Fig.16) was made parallel to the floor using spirit level 
indicators (Fig.26). The custom-made metal block was placed on the 
surveying platform with the mold space facing up and stabilized using 
custom-fabricated stabilizing plates (Fig.27). A non-surface treated 
titanium implant measuring 3.75mm X 11.50 mm (Seven, Standard 
platform, MIS Implants Technologies, Israel) (Fig.1) was connected to 
the surveying arm of the surveyor and positioned in the center of mold 
space of the custom-fabricated metal block such that the implant was 
submerged completely in the mold space except for 1 mm at the crest 
module (Fig.28). Autopolymerizing clear acrylic resin (Cold Cure, DPI, 
India) (Fig.3) was poured into the mold space (Fig.29) and the resin was 
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allowed to polymerize (Fig.30). This procedure was done to place all the 
twenty implants individually in twenty custom-made blocks.  
III. Connection of direct plastic cylinder to implants (Fig.31):  
Twenty direct plastic cylinders, (Standard platform, Direct plastic 
cylinder internal hex with hex, MD CPH13, MIS Implants Technologies, 
Israel) (Fig.4a) were connected to the implants placed in the stainless 
steel block by titanium abutment screw (MIS Implants  Technologies 
Ltd., Israel) (Fig.4b) with the hex driver (Zimmer dental, U.S.A.) 
(Fig.5a). The samples were then randomly divided into 2 groups of 10 
samples (n = 10) each. Group I (n = 10) was labeled N1 to N10 and 
Group II, (n = 10) C1 to C10. The 4 axial walls of the block were 
assigned as ‘A’, ‘B’, ‘C’ and ‘D’ to correspond to facial, mesial, palatal 
and distal surface of test sample respectively (Fig.31). 
IV.  Fabrication of Ni-Cr and Co-Cr cast abutment-restorations:   
a) Preparation of wax patterns (Fig.32-34) 
The wax patterns for all the samples were fabricated to obtain single 
piece cast abutment-restorations. The screw access hole of the direct 
plastic cylinder was filled and sealed with polyvinyl siloxane, putty 
consistency (Aquasil, Denstply, Germany) (Fig.32a). Wax pattern was 
prepared using inlay casting wax (GC Corporation, Tokyo, Japan) 
(Fig.7) by waxing over and around the connected plastic cylinder with 
PKT instruments (Delta labs, Chennai, India) (Fig.8). Wax-up was done 
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to resemble a maxillary central incisor pattern (Fig.32b). The cingulum 
of the central incisor was contoured to create a flat surface at a 30° 
inclination to the long axis of the tooth, so as to facilitate easy placement 
and stabilization of the stylus of the custom-made cyclic loading 
machine (Fig.33). An index (Fig.34a&b) was made of this wax-up using 
light body and soft putty consistencies of polyvinyl siloxane impression 
material (Aquasil, Denstply, Germany) (Fig.6a&b) and thereafter used to 
obtain standardized wax patterns for all the twenty samples.  
b) Attachment of sprue to the wax patterns (Fig.35a) 
 Each wax pattern was individually sprued with preformed wax sprue 
(Bego, Germany) (Fig.9a) of 2.5 mm diameter. The wax sprue was 
attached to the incisal edge of the pattern and a reservoir was placed 1.5 
mm away from the pattern. The pattern was directly sprued to the 
crucible former (Fig.35a) of the ringless casting system (Sili Ring, Delta 
labs, Chennai, India) (Fig.9c). Sprue was attached for all the twenty wax 
patterns in an identical manner. 
c) Investment procedure (Fig.35b) 
The twenty sprued wax patterns were invested individually using 
graphite free, phosphate-bonded investment material (Bellasun, Bego, 
Germany) (Fig.9d). A 6 mm distance was provided between the patterns 
and top of the ring. All patterns were sprayed with surfactant spray 
(Aurofilm, Bego, Germany) (Fig.9b), to aid in better wetting the wax 
pattern by the investment material. As per the manufacturer’s 
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recommendations, 160 gms of the phosphate-bonded investment was 
mixed with 38 ml of investment liquid, which was prepared by mixing 
30 ml of colloidal silica (Begosol, Bego, Germany) (Fig.9e) and 8 ml of 
distilled water (Fig.9f) in the ratio of 3:1. The investment powder was 
first hand mixed with a spatula until the entire material was wetted 
thoroughly followed by vacuum mixing for 30 seconds using vacuum 
power mixer (Whipmix, Kentucky, U.S.A.) (Fig.17). Once the 
investment was mixed the entire pattern was painted with a thin layer of 
investment using a small paintbrush (Kiran series 024 point, India) 
(Fig.9g). The silicon investment ring was positioned on the crucible 
former and the remaining investment mix was vibrated slowly in to the 
ring (Fig.35b). The invested patterns were allowed to bench set for 20 
minutes, and the silicon investment ring was removed.  
d) Burn out procedure (Fig.35c) 
 All the invested patterns were placed in a burnout furnace (Technico, 
Technico laboratory products Pvt. Ltd., Chennai, India) (Fig.18a) for 
pattern elimination. Investments with the patterns were left in the 
burnout furnace for a period of three hours (Fig.35c). During the first 
hour, the temperature was raised from room temperature to 380
o
C; in the 
second hour, the temperature was raised to 900
o
C and during the last 
hour the temperature was sustained at 900
o
C to accomplish complete 
burnout of the pattern without any residue. The investment mold was 
initially placed in the furnace such that the crucible end was in contact 
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with the floor of the furnace for the escape of molten material. The 
investment mold was reversed later near the end of burnout cycle with 
the sprue hole facing upward to enable escape of the entrapped gases 
and also to allow oxygen contact to ensure complete burnout of the wax 
pattern. 
e) Casting procedure (Fig.35d) 
 Casting was accomplished for wax patterns of Group I samples, N1 to 
N10 with Ni-Cr alloy (Bellabond plus, Bego, Germany) (Fig.10). 
Similarly, the wax patterns for Group II samples, C1 to C10 were cast 
with Co–Cr alloy (Wirobond C, Bego, Germany) (Fig.11) The casting 
procedure was performed in an induction casting machine (Fornax, 
Bego, Germany) (Fig.18b) quickly to prevent heat loss resulting in 
thermal contraction of the mold for both the alloys. The Ni-Cr and      
Co-Cr alloy were heated sufficiently till the alloy ingot turned to molten 
state and the crucible (Fig.12a) was released. Separate crucibles were 
employed for melting Ni-Cr and Co-Cr alloys to avoid contamination. 
The centrifugal force ensured the complete flow of the molten metal into 
the mold space (Fig.35d). 
f) Divesting and finishing the cast abutment-restorations  
(Fig.36a,b,c,d&e) 
 Following casting, the hot casting was allowed to return to room 
temperature (Fig.36a). A knife was used to trim the investment at the 
bottom end of the ring. It was then broken apart (Fig.36b) and the 
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remaining investment was slowly removed with a hammer. Adherent 
investment was removed from the casting by air abrading with 50 μm 
alumina (Korox, bego, Germany) (Fig.12b) at 80 psi pressure in a sand 
blasting machine (Delta labs, Chennai, India) (Fig.36c). Sprue was cut 
using 0.7 mm thin separating discs (Dentorium, New York, U.S.A.) 
(Fig.36d). The casting was inspected under magnification for casting 
defects. Casting with irregularities in the internal margin, distorted 
surfaces, were discarded. External surfaces were relieved of all nodules 
with a round carbide bur. The cast abutment-restoration was minimally 
finished using metal trimming burs (Edenta, Switzerland) and silicon 
white and grey carbide rubber points (Fig.13a,b&c), (Dentsply, 
Germany) (Fig.36e). The same procedure was repeated for all of the 
twenty cast abutment-restorations fabricated with Ni-Cr and Co-Cr 
alloys (Ni-Cr = 10; Co-Cr = 10).  
V. Fixation of cast abutment-restorations to the implants (Fig.37): 
Each finished cast abutment-restoration (Fig.36e) was connected to its 
corresponding implant placed in the stainless steel block with the 
respective abutment screw using a hex driver (Zimmer Dental, U.S.A.) 
(Fig.5a) and torqued to 35 Ncm using a calibrated torque wrench 
(Zimmer Dental, U.S.A.) (Fig.5b), as recommended by the manufacturer 
(Fig.37). The same procedure was repeated for all of the twenty cast 
abutment-restorations fabricated with Ni-Cr and Co-Cr alloys             
(Ni-Cr = 10; Co-Cr = 10).  
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VI. Closure of screw access hole (Fig.38a&b) 
Light-cure restorative composite (Filtex Z350 XT, 3M ESPE, 
Minnesota, U.S.A.) (Fig.14b) was used to close the screw access hole. 
The screw access hole was first half filled with cotton and condensed 
using a plastic instrument (API, Manipal, India) (Fig.14a). Light-cure 
composite material was filled in layers of 2 mm into the remaining top 
half of the screw access hole and condensed (Fig.38a). U-V light from 
light cure unit (Confident dental equipments Ltd., India) (Fig.21) was 
shown after each layer for a period of 40 seconds at a maximum distance 
of 1 mm from the samples as recommended by the manufacturer 
(Fig.38b). This procedure was repeated to obtain a total of twenty test 
samples, ten (n = 10) of Group I (Ni-Cr) (Fig.39a) and ten (n = 10) of 
Group II (Co-Cr) (Fig.39b). 
VII. Measurement of the microgap at the implant-cast abutment 
interface before cyclic loading (Fig.40a,b,c&d,41a&b): 
Each test sample was placed on the platform of a scanning electron 
microscope S-3400N (Hitachi High Technologies Corporation, Japan) 
(Fig.22) and the microgap at the implant-cast abutment interface                 
(Fig.40a,b,c&d) was measured at x500 zoom lens magnification 
(Fig.41a&b). The measurements were obtained for four surfaces namely, 
A - facial, B - mesial, C -palatal and D - distal, for each test sample. This 
was repeated for all twenty samples and recorded in micrometers (µm). 
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Thus, the microgap for ten (n = 10) samples of Group I (Ni-Cr) and ten 
(n = 10) samples of Group II (Co-Cr) was measured before cyclic 
loading. Mean microgap values for each test sample and then for each 
test group was calculated and the data was statistically analyzed. 
VIII. Cyclic loading of the test samples (Fig.42a&b):  
 A cyclic loading test is intended to simulate components in function, 
thus permitting analysis of possible interaction between microgap at the 
implant-cast abutment interface and loading. Cyclic loading was 
performed individually for all twenty (Ni-Cr = 10; Co-Cr = 10) test 
samples to simulate oral loading conditions. The test sample was placed 
in a custom-made jig (Fig.15), which was positioned and secured at a 
30° angle to the floor to simulate the direction of non-axial loading 
forces in maxillary anterior region. This jig was attached to the cyclic 
loading machine. The stylus was placed on the flattened cingulum 
portion of the central incisor (Fig.42a) and it was subjected to cyclic 
loading (Fig.42b).  A sinusoidal waveform at 1.25 Hz for load between 0 
to 109 N (approximately) simulating human masticatory frequency and 
loads were applied. This cycle was continued for 2000 minutes. The 
timer was set for 2 consecutive cycles of 999 minutes and then 1 cycle 
of 2 minutes, for each test sample. It simulated approximately 1,50,000 
cycles or 6 months of function. Cyclic loading was performed in a dry 
environment. This procedure was repeated for all twenty (Ni-Cr = 10;      
Co-Cr = 10) test samples.  
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IX. Measurement of the microgap at the implant-cast abutment                                                                                      
interface after cyclic loading (Fig.43a&b):    
After cyclic loading, each test sample was individually inspected 
visually and tactically for deformation and/or cast abutment-restoration 
loosening. Each verified test samples was placed individually on the 
platform of the scanning electron microscope S-3400N (Hitachi High 
Technologies Corporation, Japan) (Fig.22) and the microgap at the 
implant-cast abutment interface was measured at x500 magnification 
(Fig.43a&b). The measurements were obtained in a manner similar to 
that described previously for test samples prior to cyclic loading. Thus, 
the microgap for ten (n = 10) samples of Group I and ten (n = 10) 
samples of Group II was measured after cyclic loading. Mean microgap 
values for each test sample and then for each test Group was calculated 
and the data was statistically analyzed. 
X. Statistical analysis: 
The tabulated results were subjected to statistical analysis. All statistical 
calculations were performed using Microsoft Excel 10 (Microsoft, USA) 
and SPSS (SPSS for Windows 10.0.5, SPSS Software Corp., Munich, 
Germany) software. Paired ‘t’-Test was used for the comparison of mean 
microgap values obtained before and after cyclic loading in Group I   
(Ni-Cr) and Group II test samples (Co-Cr) (within groups). Independent 
‘t’- Test was then used to compare the mean microgap values obtained 
from Ni-Cr (Group I) and Co-Cr (Group II) test samples both before and 
after cyclic loading respectively (between groups).   
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 MATERIALS & EQUIPMENTS 
 
 
 
 
Fig.1: Non-surface treated titanium dental implant, standard platform, 
3.75 x 11.50 mm 
 
 
 
           Fig.2: Spirit level indicators 
   
     
 
  
 
   
 
  Fig.3: Clear auto polymerizing acrylic resin  
 
 
 
Fig.4a: Direct plastic cylinder internal hex with hex  
        b: Titanium abutment screw 
 
 
a 
b 
         
         a              b 
Fig.5 a: 1.25 mm Hex drive, Long           
         b: Calibrated torque wrench  
 
 
Fig.6a: Soft Putty, Polyvinyl Siloxane impression material-Addition type 
   b: Light Body, Polyvinyl Siloxane impression material-Addition type 
   c: Auto mixing spiral 
   d: Auto mixing gun 
b 
c d 
a 
     
Fig.7: Inlay casting wax           Fig.8: PKT Instruments 
 
        
Fig.9a: 2.5 mm sprue wax        b: Surfactant spray 
c: Investment ring and crucible former    d: Phosphate bonded investment 
e: Colloidal silica           f: Distilled water   
g: Paint brush 
 
a e 
b 
f 
g 
d 
c 
    
Fig.10: Nickel-Chromium (Ni-Cr) alloy pellets 
 
 
  
 Fig.11: Cobalt-Chromium (Co-Cr) alloy pellets 
 
     
            Fig.12a: Casting crucible                Fig.12b: Al2O3 powder 
 
 
  Fig. 13a: Carborundum separating discs  
             b: Tungsten carbide burs  
           c: Silicon carbide rubber points  
 
Fig.14a: Plastic instrument  
           b: Light cure restorative composite  
a 
c b 
a 
b 
  
 
Fig.15: Custom-made jig 
 
 
 
 
 
Fig.16: Dental surveyor  
  
 
Fig.17: Vacuum power mixer  
 
 
     
 
                 Fig.18a: Burnout furnace           Fig.18b: Induction casting    
                                           machine 
 
   
 
Fig.19: Sandblaster  
 
  
 
Fig.20: Alloy grinder  
 
   
 
Fig.21: Light cure unit  
  
 
Fig.22: Scanning Electron Microscope  
 
 
 
Fig.23a: Custom-made cyclic loading machine 
 
  
 
Fig.23b: Line diagram for custom-made cyclic loading machine 
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 METHODOLOGY  
 
PREPARATION OF STAINLESS STEEL BLOCKS AND 
STABILIZING PLATES 
 
 
 
   
 
Fig.24a: Custom-made stainless steel block 
          b: Line diagram of custom-made stainless steel block 
   
   
    
Fig.25: Custom made stabilizing plates 
 
 
 
 
b a 
 PLACEMENT OF IMPLANTS IN STAINLESS STEEL 
BLOCKS 
 
 
            
 
         Fig.26: Surveying platform         Fig.27: Stabilized stainless    
           made parallel to the floor             steel block     
          using spirit level indicators 
          
 
 
 
        
    
 
Fig.28: Non-surface treated titanium       Fig.29: Autopolymerizing clear 
   implant positioned in the stainless        acrylic resin poured in the mold  
                        steel block          space 
 
 
  
 
Fig.30: Implant placed in clear acrylic resin   
 
CONNECTION OF DIRECT PLASTIC CYLINDER TO 
IMPLANTS 
 
 
            
 
Fig.31: Connecting direct plastic cylinder to implant  
 
 FABRICATION OF Ni-Cr AND Co-Cr CASTABUTMENT-
RESTORATIONS 
Preparation of wax patterns 
 
                       
 
        Fig.32a: Screw access hole closed        Fig.32b: Wax-up on plastic    
          with putty polyvinyl siloxane                  cylinder  
 
 
 
 
Fig.33: Cingulum contoured to flat surface  
at 30° to long axis of tooth 
 
 
 
   
 
                    Fig.34a: Index for duplicating the wax patterns            
        b: Index for duplicating the wax patterns (inside view) 
a b 
  
 
 
 
 
 
 
 
   
 
Fig.35a: Pattern attached to           Fig.35b: Investing the pattern 
      crucible former 
 
 
 
 
   
 
            Fig.35c: Burnout procedure            Fig.35d: Casting procedure 
   
 
 
                                   
 
 Fig.36a: Completed                Fig.36b: Partially          Fig.36c: Sandblasted  
  casting with button                  cleaned casting           casting 
 
         
 
 Fig.36d: Casting after               Fig.36e: Completed restoration (i &ii)            
      sprue sectioning        and prosthetic screw (iii) 
 
FIXATION OF CAST ABUTMENT-RESTORATION TO 
THE IMPLANTS 
 
   
 
Fig.37: Fixation of cast abutment-restoration 
 using calibrated torque wrench 
i ii iii 
  CLOSURE OF SCREW ACCESS HOLE 
 
    
Fig.38a: L.C. restorative composite     Fig.38b: L.C. composite cured   
 filled into the screw access hole    
 
 
                                                           
Fig.39a: Group I test samples - Ni-Cr cast abutment-restorations 
  
 
 
 Fig.39b: Group II test samples - Co-Cr cast abutment-restorations 
 
 
  
 
MEASUREMENT OF THE MICROGAP AT THE IMPLANT-CAST 
ABUTMENT INTERFACE BEFORE CYCLIC LOADING 
 
 
 
 
   
 
Fig.40a&b: Implant-cast abutment interface (Ni-Cr) 
Arrow indicates implant-cast abutment interface 
 
 
 
 
        
 
      Fig.40c&d: Implant-cast abutment interface (Co-Cr) 
    Arrow indicates implant-cast abutment interface 
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Fig.41a: Measurement of microgap at implant-cast abutment interface 
before cyclic loading of Group I (Ni-Cr) using Scanning Electron 
Microscope (S.E.M.) at x500 
 
 
 
 
  
 
 
Fig.41b: Measurement of microgap at implant-cast abutment interface 
before cyclic loading of Group II (Co-Cr) using Scanning Electron 
Microscope (S.E.M.) at x500 
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CYCLIC LOADING OF THE TEST SAMPLES 
 
                             
 
Fig.42a: Stylus placed on flattened cingulum of test sample 
 
 
 
 
Fig.42b: Cyclic loading of the test sample 
  
 
MEASUREMENT OF THE MICROGAP AT THE IMPLANT-CAST 
ABUTMENT INTERFACE AFTER CYCLIC LOADING 
 
 
 
   
 
Fig.43a: Measurement of microgap at implant-cast abutment interface 
after cyclic loading of Group I (Ni-Cr) using Scanning Electron 
Microscope (S.E.M.) at x500 
 
 
 
 
   
 
Fig.43b: Measurement of microgap at implant-cast abutment interface 
after cyclic loading of Group II (Co-Cr) using Scanning Electron 
Microscope (S.E.M.) at x500 
  
Ni-Cr abutment Ni-Cr abutment 
Implant Implant 
Implant Implant 
Co-Cr abutment Co-Cr abutment 
 COMPARATIVE S.E.M. PICTURES (Ni-Cr) 
 
 
 
 
 
Fig.44: Decrease in microgap at implant-cast abutment interface                   
a) Before b) After cyclic loading of Group I (Ni-Cr) using Scanning 
Electron Microscope at x500. Arrow indicates debris 
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Ni-Cr abutment 
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 COMPARATIVE S.E.M. PICTURES (Co-Cr) 
 
 
 
 
 
Fig.45: Decrease in microgap at implant-cast abutment interface                   
a) Before b) After cyclic loading of Group II (Co-Cr) using Scanning 
Electron Microscope at x500. Arrow indicates debris 
B 
A 
Implant 
Implant 
Co-Cr abutment 
Co-Cr abutment 
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RESULTS 
 The present in-vitro study was conducted to comparatively evaluate the 
effect of cyclic load on the microgap at the implant-abutment interface, with 
the cast abutment-restorations fabricated using two different base metal alloys.  
 Twenty titanium implants were placed individually into 
autopolymerizing acrylic resin in custom-made stainless steel blocks. The 
embedded implants were randomly divided into two groups of ten each 
(Group I & Group II). In Group I, ten Ni-Cr screw-retained cast abutment-
restorations and in Group II, ten Co-Cr screw-retained cast abutment-
restorations were connected with a hex driver to their corresponding 
embedded implants in the stainless steel blocks and torqued to 35 Ncm with a 
torque wrench. The test samples were then labeled as N1 to N10 for Ni-Cr 
group and C1 to C10 for Co-Cr group. The screw access hole was closed with 
light cure composite restorative material. The facial, mesial, palatal and distal 
surfaces were labeled as A, B, C and D respectively. The microgap was 
measured at the implant-cast abutment interface at x500 magnification using 
scanning electron microscope for all twenty samples before cyclic loading. 
The measurements were obtained in micrometers (µm) for four surfaces (A, B, 
C and D), of each test sample. The test samples were then subjected to cyclic 
loading and the microgap was measured again at the implant-cast abutment 
interface at the same four surfaces for all twenty samples. The results obtained 
from the study were tabulated and subjected to statistical analysis.   
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 Table I shows basic values and mean microgap at the implant-cast 
abutment interface of Group I samples (Ni-Cr) before cyclic loading. 
 Table II shows basic values and mean microgap at the implant-cast 
abutment interface of Group I samples (Ni-Cr) after cyclic loading. 
 Table III shows basic values and mean microgap at the implant-cast 
abutment interface of Group II samples (Co-Cr) before cyclic loading. 
 Table IV shows basic values and mean microgap at the implant-cast 
abutment interface of Group II samples (Co-Cr) after cyclic loading. 
 Table V shows the comparison between mean values of microgap at 
implant-cast abutment interface of Group I samples (Ni-Cr) before and after 
cyclic loading using Paired ‘t’-Test. 
 Table VI shows the comparison between mean values of microgap at 
implant-cast abutment interface of Group II samples (Co-Cr) before and after 
cyclic loading using Paired ‘t’-Test. 
 Table VII shows the comparison between mean values of microgap of 
Group I (Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment 
interface before cyclic loading using Independent ‘t’-Test. 
 Table VIII shows the comparison between mean values of microgap 
of Group I (Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment 
interface after cyclic loading using Independent ‘t’-Test. 
 Table IX shows the overall comparison between mean values of 
microgap at implant-cast abutment interface of Group I (Ni-Cr) and Group II 
(Co-Cr) samples before and after cyclic loading. 
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 Graph I shows basic values of microgap at implant-cast abutment 
interface for Group I samples (Ni-Cr) before cyclic loading. 
 Graph II shows basic values of microgap at implant-cast abutment 
interface for Group I samples (Ni-Cr) after cyclic loading. 
 Graph III shows basic values of microgap at implant-cast abutment 
interface for Group II samples (Co-Cr) before cyclic loading. 
 Graph IV shows basic values of microgap at implant-cast abutment 
interface for Group II samples (Co-Cr) after cyclic loading. 
 Graph V shows the comparison between mean values of microgap at 
implant-cast abutment interface of Group I samples (Ni-Cr) before and after 
cyclic loading. 
 Graph VI shows the comparison between mean values of microgap at 
implant-cast abutment interface of Group II samples (Co-Cr) before and after 
cyclic loading. 
 Graph VII shows the comparison between mean values of microgap 
of Group I (Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment 
interface before cyclic loading. 
 Graph VIII shows the comparison between mean values of microgap 
of Group I (Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment 
interface after cyclic loading. 
 Graph IX shows the overall comparison between mean values of 
microgap at implant-cast abutment interface of Group I (Ni-Cr) and Group II 
(Co-Cr) samples before and after cyclic loading. 
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Table I: Basic values and mean microgap at the implant-cast abutment 
interface of Group I samples (Ni-Cr) before cyclic loading 
Sample 
No. 
Microgap (μm) 
Sample Mean 
(µm) Surface 
A 
Surface 
B 
Surface 
C 
Surface 
D 
N1 3.57 3.17 3.77 4.37 3.72 
N2 4.38 2.78 0.992 2.78 2.733 
N3 1.59 3.97 6.35 2.39 3.575 
N4 3.4 2.39 1.59 1.98 2.34 
N5 1.59 1.6 1.79 1.59 1.6425 
N6 3.92 1.58 1.22 3.02 2.435 
N7 1.85 3.54 3.7 1.98 2.7675 
N8 3.94 3.35 5.38 3.64 4.0775 
N9 2.22 3.06 2.27 1.13 2.17 
N10 2.63 2.43 0.974 3.88 2.4785 
Group Mean  2.7939 
Maximum microgap – 6.35 µm 
Minimum microgap – 0.974 µm 
Mean microgap – 2.7939 µm 
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Table II: Basic values and mean microgap at the implant-cast abutment 
interface of Group I samples (Ni-Cr) after cyclic loading 
Sample 
No. 
Microgap (μm) 
Sample Mean 
(μm) Surface 
A 
Surface 
B 
Surface 
C 
Surface 
D 
N1 1.99 1.39 0 0.794 1.0435 
N2 0 0 0 0 0 
N3 0 0 0 0 0 
N4 0 0 0 0 0 
N5 0 0 0 0 0 
N6 0 0 0 0 0 
N7 0 1.84 0 0 0.46 
N8 0 0 0 0 0 
N9 0 0 0 1.64 0.41 
N10 0 0 0 0 0 
Group Mean 0.1914 
Maximum microgap – 1.99 µm 
Minimum microgap – 0.00 µm 
Mean microgap – 0.1914 µm 
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Table III: Basic values and mean microgap at the implant-cast abutment 
interface of Group II samples (Co-Cr) before cyclic loading 
Sample 
No. 
Microgap (μm) 
Sample Mean 
(μm) Surface 
A 
Surface 
B 
Surface 
C 
Surface 
D 
C1 0.992 2.58 2.38 1.79 1.9355 
C2 1.59 1.99 1.19 2.18 1.7375 
C3 1.39 0.595 11.1 6.95 5.0087 
C4 2.38 12.7 3.37 2.58 5.2575 
C5 3.37 1.59 0.992 1.59 1.8855 
C6 2.1 1.5 1.6 2.04 1.81 
C7 2.61 1.02 1.18 2.36 1.7925 
C8 1.15 2.22 1.02 1.1 1.3725 
C9 1.83 1.34 1.23 2.72 1.78 
C10 1.47 1.55 0.749 1.92 1.4222 
Group Mean 2.4002 
Maximum microgap – 12.7 µm 
Minimum microgap – 0.595 µm 
Mean microgap – 2.4002 µm 
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Table IV: Basic values and mean microgap at the implant-cast abutment 
interface of Group II samples (Co-Cr) after cyclic loading 
Sample 
No. 
Microgap (μm) 
Sample Mean 
(μm) Surface 
A 
Surface 
B 
Surface 
C 
Surface 
D 
C1 0 0 0 0 0 
C2 0 0 0 0 0 
C3 0 0 0 4.77 1.1925 
C4 0 0 0 0 0 
C5 0 0 0 0 0 
C6 0 0 0 0 0 
C7 0 0 0 0 0 
C8 0 6.32 0 0 1.58 
C9 0 0 0 0 0 
C10 0 0 0 0 0 
Group Mean 0.2773 
Maximum microgap – 6.32 µm 
Minimum microgap – 0.00 µm 
Mean microgap – 0.2773 µm 
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Table V: Comparison between mean values of microgap at implant-cast 
abutment interface of Group I samples (Ni-Cr) before and after cyclic 
loading using Paired ‘t’-Test 
GROUP I 
(Ni-Cr) 
No. of 
samples 
Mean 
Microgap 
(μm) 
Mean 
microgap 
difference 
(µm) 
Standard 
Deviation 
p - value 
Before cyclic 
loading 
10 2.7939 
2.6025 0.7434 .000* 
After cyclic 
loading 
10 0.1914 
                         
 *p - value < 0.05; significant at 5% level   
Inference: 
 On statistical analysis using Paired ‘t’-Test to compare the mean 
microgap at the implant-cast abutment interface of cast abutment-restorations 
fabricated using Ni-Cr (Group I) before and after cyclic loading, it was found 
that the mean microgap of Group I samples after cyclic loading was lower 
than the mean microgap before cyclic loading and the difference was 
statistically significant (p - value was < 0.05).  
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Table VI: Comparison between mean values of microgap at implant-cast 
abutment interface of Group II samples (Co-Cr) before and after cyclic 
loading using Paired ‘t’-Test 
GROUP II 
(Co-Cr) 
No. of 
samples 
Mean 
Microgap 
(μm) 
Mean 
microgap 
difference 
(µm) 
Standard 
Deviation 
p - value 
Before cyclic 
loading 
10 2.4002 
2.1229 1.45981 .001* 
After cyclic 
loading 
10 0.2773 
                        
 * p - value < 0.05; significant at 5% level 
Inference:  
 On statistical analysis using Paired ‘t’-Test to compare the mean 
microgap at the implant-cast abutment interface of cast abutment-restorations 
fabricated using Co-Cr (Group II) before and after cyclic loading, it was found 
that the mean microgap of Group II samples after cyclic loading was lower 
than the mean microgap before cyclic loading and the difference was 
statistically significant (p - value was < 0.05).  
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Table VII: Comparison between mean values of microgap of Group I (Ni-
Cr) and Group II (Co-Cr) samples at implant-cast abutment interface 
before cyclic loading using Independent ‘t’-Test 
GROUP 
No. of 
samples 
Mean 
Microgap (μm) 
Standard 
Deviation 
p - value 
I (Ni-Cr) 10 2.7939 0.76515 
0.458 
II (Co-Cr) 10 2.4002 1.45310 
                         
 p - value > 0.05; significant at 5% level 
Inference:  
 On statistical analysis using Independent ‘t’-Test to compare the mean 
microgap of Group I and II samples at the implant-cast abutment interface 
before cyclic loading, it was found that the mean microgap of Group I samples 
was greater than the mean microgap of Group II samples and the p - value was 
> 0.05, denoting statistically insignificant difference between the two mean 
values. 
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Table VIII: Comparison between mean values of microgap of Group I 
(Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment interface 
after cyclic loading using Independent ‘t’-Test 
GROUP 
No. of 
samples 
Mean 
Microgap (μm) 
Standard 
Deviation 
p - value 
I (Ni-Cr) 10 0.1914 0.34999 
0.697 
II (Co-Cr) 10 0.2773 0.59159 
                       
 p - value > 0.05; significant at 5% level 
Inference:  
 On statistical analysis using Independent ‘t’-Test to compare the mean 
microgap of Group I and II samples at the implant-cast abutment interface 
after cyclic loading, it was found that the mean microgap of Group I samples 
was lesser than the mean microgap of Group II samples and the p - value was 
> 0.05, denoting statistically insignificant difference between the two mean 
values. 
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Table IX: Overall comparison between mean values of microgap at 
implant-cast abutment interface of Group I (Ni-Cr) and Group II (Co-Cr) 
samples before and after cyclic loading  
 Group I  
(Ni-Cr) (μm) 
Group II  
(Co-Cr) (μm) 
p-value 
Before cyclic 
loading 
2.7939 2.4002 0.458 
After cyclic 
loading 
0.1914 0.2773 0.697 
p- value 0.000* 0.001*  
  
 *p - value < 0.05; significant at 5% level. 
Inference:  
 Statistical analysis with Independent ‘t’-test was used to compare the 
respective differences in mean microgap values of Group I and Group II 
samples before and after cyclic loading. The difference between the mean 
microgaps of Group I (Ni-Cr) and Group II (Co-Cr) samples before cyclic 
loading was found to be statistically insignificant (p-value > 0.05). Similarly, 
the difference between the mean microgaps of Group I (Ni-Cr) and Group II 
(Co-Cr) samples after cyclic loading was also found to be statistically 
insignificant (p-value > 0.05). 
Loading 
Groups 
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 Statistical analysis with Paired ‘t’-test was used to compare the effects 
of cyclic loading on mean microgap values of Group I and Group II samples at 
the implant-cast abutment interface. The mean microgap values after cyclic 
loading were significantly lower than the mean microgap values before cyclic 
loading for both Group I (Ni-Cr) and Group II (Co-Cr) test samples              
(p-value < 0.05).    
     GRAPH I: Basic values of microgap at implant-cast abutment 
interface for Group I samples (Ni-Cr) before cyclic loading 
 
  
 
 
    GRAPH II: Basic values of microgap at implant-cast abutment 
interface for Group I samples (Ni-Cr) after cyclic loading 
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  GRAPH III: Basic values of microgap at implant-cast abutment 
interface for Group II samples (Co-Cr) before cyclic loading 
 
 
 
  GRAPH IV: Basic values of microgap at implant-cast abutment 
interface for Group II samples (Co-Cr) after cyclic loading 
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GRAPH V: Comparison between mean values of microgap at the 
    implant-cast abutment interface of Group I samples (Ni-Cr)  
before and after cyclic loading  
  
*Significant at 5% level 
GRAPH VI: Comparison between mean values of microgap at the 
implant-cast abutment interface of Group II samples (Co-Cr) before and 
after cyclic loading 
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   GRAPH VII: Comparison between mean values of microgap of Group I       
     (Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment 
interface before cyclic loading 
 
   Not significant at 5% level 
 
GRAPH VIII: Comparison between mean values of microgap of Group I 
(Ni-Cr) and Group II (Co-Cr) samples at implant-cast abutment interface 
after cyclic loading 
 
    Not significant at 5% level 
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GRAPH IX: Overall comparison between mean values of microgap at 
implant-cast abutment interface of Group I (Ni-Cr) and Group II (Co-Cr) 
samples before and after cyclic loading 
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 DISCUSSION 
The present in-vitro study was conducted to comparatively evaluate the 
effect of cyclic load on the microgap at the implant-abutment interface, with 
the cast abutment-restorations fabricated using two different base metal alloys.   
Osseointegrated titanium dental implants have been used extensively in 
oral rehabilitation for the replacement of one or more missing teeth, with 
survival rates over 90%.
1,11,38,53 
The treatment option of single-tooth implant 
supported restoration is now largely accepted with satisfactory outcomes from 
longitudinal studies reported in the literature.
13
  
The main designs with endosteal dental implants that have emerged for 
such single-tooth prosthetic rehabilitation are the two-piece and single-piece 
implants. Of the two, the former is more popular owing to its versatility in a 
multitude of clinical situations and also because they can be individually 
loaded with different types of abutments.
11,40 
Two-piece dental implant 
consists of two separate components: the endosteal implant and the abutment 
carrying the prosthetic restoration connected by a screw joint.
7 
Implant 
restorations over such two-piece implants can be cement-retained, screw-
retained, or a combination of both. Even though, cement-retained prostheses 
provide a less costly and simpler method of fabrication, their use in the 
anterior single-tooth situation may be restricted due to implant angulation and 
esthetic requirements.
27,35 
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The use of screw-retained implant prostheses in restoring completely 
and partially edentulous patients is well documented.
2,35
 They are advocated in 
partially edentulous situations to overcome angulation and esthetic 
problems.
7,8
 They provide the advantage of retrievability of restorations for 
reservicing and/or replacement of the restoration.
35
 It is also reported that 
screw-retained prostheses have exhibited significantly smaller marginal 
opening at the implant-abutment interface as compared to cement-retained 
restorations.
27  
In screw-retained restorations, the fastening screw provides a solid 
joint between the restoration and the implant abutment or between the 
restorations and the implant itself, for example, with UCLA abutments or 
UCLA-type plastic burnout patterns.
35 
Although screw-retained crown protocol for a single-tooth two-piece 
implant, is well established, crown complications are common.
10,27  
The misfit 
at the implant-abutment interface and the integrity of the implant-abutment 
screw joint are factors that contribute towards these complications.
10,15 
The 
precision of fit begins at the junction of the implant and abutment placed on 
the implant.
30
 This joint is also known as the implant-abutment interface. This 
can be either a butt-joint or a bevel joint.
7
 The contact between implant and 
abutment platform is a key factor, as it reduces the load over the abutment or 
prosthesis screw.
8
 Poor adaptation or misfit at the implant-abutment interface 
gives rise to a marginal gap between the implant and the abutment. Various 
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researchers have demonstrated the presence of microgap at the implant-
abutment interface of two-piece dental implants.
7,8,11,25,26,49 
Imperfections 
related to casting of implant components, excessive torque during abutment 
placement (which may allow the distortion of its parts), and in addition the 
misfit between implant-cast abutment are factors that have been related to 
interface microgap origin.
23 
The size of this microgap also plays a role in 
complications associated with screw joint integrity,
15
 which can be either 
biologic, mechanical or a combination of both.
25,27 
These complications can be 
controlled by reducing the misfit at the implant-abutment interface.
7,8,22
 
 
From a mechanical standpoint, screw-type connections (both external 
and internal hexagon types) rely on clamping the abutment to the top of the 
implant by a connecting screw, torqued to pre-determined values as 
established by the implant manufacturer.
11
 This clamping force between two 
surfaces is maximized and most stable when no gaps are present between 
them. The success of a screwed connection is directly related to the preload 
reached during torque and its maintenance over time.
 
Preload has been 
described as the tension generated in an abutment screw upon tightening and is 
a direct determinant of the clamping force. Misfit at the interface may lead to 
mechanical failures such as early loss of preload and screw loosening, 
abutment screw fracture, implant fracture and even prosthesis fracture and 
potentiate clinical implant failure.
9,49 
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This misfit also results in increased microleakage,
23
 gingivitis and bone 
loss.
20,39
 It allows micro-organisms to penetrate and colonize even into the 
inner part of the implant,
16
 leading to periodontitis, progressive bone loss 
approximately 2 mm apical to the microgap
20
 and eventually implant loss.
16,47 
Bacterial penetration has also been reported to occur under masticatory 
cycles.
46 
Micro movements of the implant components during function may 
allow the initiation of a pumping effect, causing bacteria to move through the 
implant-abutment interface.
38
 The microgap can be further enlarged under 
loading when the implant assembly components are subjected to eccentric 
forces. Thus bacterial colonization is impacted by multifactorial conditions 
like the precision fit between the implant components, torque forces when the 
components are connected and loading forces when the implants are in 
function.
47
  
Further, the geometry of the implant-abutment connection may also 
affect stresses generated from loading and these stresses may have a role in 
development of complications.
3
 Implant-abutment connection geometry can be 
broadly classified into external or internal connection.
7
 Internal hexagon 
connection has reported advantages over external connection design such as: 
(1) reduced vertical height from the implant platform to the top of the 
abutment; (2) distribution of lateral loading deep within the implant, leading to 
a better shielded abutment screw; and (3) long internal wall engagement that 
creates a stiff unified body to resist implant-abutment joint opening.
7,49
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During function, clinical loading may result in micro-motion in stable 
implant-abutment screw joint, which contributes to screw loosening and 
increase in the microgap at the implant-abutment interface.
15
 The microgap at 
the implant-abutment interface may increase because of bending moments and 
consecutive fatigue and wear at the interface especially when loaded under 
eccentric forces. This is followed by the aforementioned mechanical and 
biologic sequelae.
20,38,39,47
 Majority of studies on the microgap at the implant-
abutment interface have observed the interface in a static condition, not 
considering the chewing stresses.
16,42
 In-vitro cyclic loading of the implant-
prosthesis assembly induces micro-motion of the joint components, which 
could wear down the microscopically rough areas of the contacting surfaces, 
thereby affecting joint stability. Fatigue or cyclic loading tests are intended to 
simulate components in function, which permits analysis of possible 
interaction between microgap and loading.
8,11,15,23,25,26,49 
Hence, in the present 
study, a cyclic loading test was included in the study design to simulate 
components in function and analyze possible interactions between implant-
cast abutment interface and loading.  
Commercially, pre-machined abutments are available in titanium alloy, 
noble metal alloys, base metal alloys, aluminium oxide alloys, zirconia and 
zirconia with titanium alloy connections.
7
 In order to address angulation and 
esthetic concerns, castable, plastic burnout patterns popularized by the UCLA 
abutment, that can be cast using various alloys are available.
8,32
 This burnout 
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pattern, fits directly on top of either the implant intra-orally or on the 
laboratory implant analogues, which are placed in the master cast. The plastic 
pattern is used to develop the wax pattern for the final restoration, which will 
connect directly to the implant restoration.
32
 These UCLA type castable 
abutments can be cast with noble metal alloys and base metal alloys.
13,25,26,43
 
Noble metal alloys were the first to be used as castable material but with the 
development of economical materials for casting with significantly better 
mechanical properties, their use has decreased.
19 
Titanium alloys have 
exceptional mechanical properties and excellent biocompatibility. They 
provide excellent corrosion resistance to saline or acidic environments. 
Nevertheless, casting titanium alloys have a high production cost and are 
highly technique  sensitive.
43
 Other base metal alloys like Nickel-Chromium 
(Ni-Cr) and Cobalt-Chromium (Co-Cr) used in screw-retained implant 
supported restorations have comparable mechanical properties to that of 
titanium, with their modulus of elasticity being the best among all alloys used 
for cast restorations.
5,26
 These alloys also provide a low cost solution for 
screw-retained prosthesis,
19
 thereby reducing overall treatment costs and 
making it an affordable treatment option for many patients. 
 
The microgap of premachined titanium abutment to the implant 
interface in a single-tooth implant situation has been documented in terms of 
precision of fit,
8
 as has been the microgap between single-tooth implant-cast 
abutments.
8,13,25
 Existing reports on cast abutments pertain mostly to noble 
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metal alloys and titanium alloys and few on other base metal alloys, such as 
Ni-Cr and Co-Cr alloys. There is limited documentation on the effect of cyclic 
load on microgap using abutments cast with Ni-Cr and Co-Cr alloys with an 
external connection design.
13
 However, studies on the effect of cyclic load on 
microgap using abutments cast with Ni-Cr and Co-Cr base metal alloys with 
an internal connection design are lacking. Therefore, the present study was 
conducted to evaluate the effect of cyclic load on the microgap at the implant-
cast abutment interface of a screw-retained cast abutment-restoration, 
fabricated using two different base metal alloys, namely Ni-Cr and Co-Cr and 
measured by scanning electron microscope.  
Unsterile, titanium implants were used in this study as titanium 
continues to be the most common material used for implant fixtures. Since this 
was an in-vitro study measuring only the effect of mechanical factors on the 
implant-cast abutment interface, it was assumed that an unsterile implant 
would suffice. The internal connection design was chosen for aforementioned 
reasons. 
Autopolymerizing methyl methacrylate resin, which has a reported 
elastic modulus of 1.95 GPa, similar to that of trabecular bone
53
 was used to 
embed the unsterile implant in custom-fabricated stainless steel blocks. Except 
1mm at the crest module, the entire implant was submerged to allow easy 
visualization of the implant-cast abutment interface for making measurements. 
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In the present study, a screw-retained, anterior, maxillary single crown 
restoration was fabricated by waxing over a UCLA-type plastic burnout 
pattern. The pattern was contoured so as to facilitate easy placement and 
stabilization of the stylus of the custom-made cyclic loading machine.  
The non-axial forces affecting the anterior maxilla causes higher stress 
concentrated along the facial and lingual surfaces of the implant-abutment 
interface.
53
 The implant-abutment interface in this study was of butt joint 
design. Hence, in the present study, the cyclic loading was performed as 30° 
oblique loading, which not only better simulates the occlusal relationship of 
maxillary and mandibular incisors and the functional stresses along the long 
axis of the tooth, but also simulates the mechanical events occuring clinically 
at the implant-abutment interface in butt-joint designs. This was achieved by 
the use of a custom-made jig consisting of a platform and bolt.  
A torque of 35 Ncm, is considered an optimum preload to maintain the 
screw-joint integrity, which maximizes the fatigue life of the screw and offers 
a reasonable degree of protection against loosening.
49,53 
This was also in line 
with the manufacturer’s recommendation and hence this protocol was 
followed in the present study to connect the cast abutment-restorations to the 
implant.  
Various methods to measure the microgap at the implant-abutment 
interface include scanning electron microscopy (S.E.M.),
8,12,14,23,53 
scanning 
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laser microscopy (S.L.M.),
50
 optical microscopy,
5,13 
reflex microscopy, 
travelling microscopy, stereromicroscopy,
27 
liquid strain gauges,
21
 gas 
permeability,
48 
radiography,
40,44
 3D micro-tomographic technique,
34 
laser 
videography, and photoprogrammetric techniques.
11
  
S.E.M. measurements are a precise and well documented method for 
measurement of microgap.
8,11,12,14,50,53 
Microgap of butt-joint connections has 
been inspected by scanning electron microscopy,
11,50 
and was adopted for 
obtaining the microgap measurements in this study. The S.E.M. used in the 
present study has a working distance of 10 mm and a magnification of x5 to 
x3,00,000 and was adequate for observing the implant-cast abutment interface 
of test samples at x500. This magnification was chosen due to the clear 
visualization of the interface. Auto focus and auto alignment mode of the 
S.E.M. enabled visualization and measurements at the centre of the interface 
for each surface. This allows the use of repeatable measuring point, so that 
samples can be centred and measured both before and after cyclic loading. PC-
SEM software along with Quartz PCI software was used to measure the 
microgap at the implant-cast abutment interface with a sensitivity of 1nm.  
In the present study, a cyclic loading test was performed with a 
custom-made cyclic loading machine fabricated with specifications as reported 
in literature.
23,49,53
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There is no standardization or consensus between previous studies 
regarding the applied forces for simulation. Forces in the range of 300 N, 100-
150 N, 10-250 N, 20-200 N, 100-450 N, 50 N and 120 N
 
have been used in 
different studies and also the mode (angle) of loading has varied. The loading 
frequencies also vary.
13,15,18,21,28,41,49 
Rack et al have quoted Mericske-Stern et 
al, stating that, a load of 110 N occurs on the abutment carrying the implant-
supported resrtorations.
40 
In the present study the test sample was cyclically 
loaded between 0-109 N to 1,50,000 cycles, simulating 6 months of function.  
In the present study, the mean microgap of each test sample was 
measured both before and after cyclic loading. The microgap of each test 
sample was first calculated based on four measurements obtained, one for each 
surface, namely, facial, mesial, palatal and distal. All test samples of both test 
groups exhibited pre-load microgaps. The mean microgap value for each test 
group was then calculated. 
The mean microgap for Group I test samples cast using Ni-Cr alloy 
before cyclic loading was found to be 2.7939 µm. The mean microgap for 
Group II test samples cast using Co-Cr alloy before cyclic loading was found 
to be 2.4002 µm. This microgap can be attributed to the casting procedures 
employed leading to differences between machined implant platform and cast 
abutment surface. Previous research using plastic burnout abutments cast with 
using gold, Ni-Cr alloy, Co-Cr alloy and cast titanium have shown microgap 
values ranging from 7 μm to 29.9 μm before cyclic loading.5,13,25 Both the 
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mean microgap values of both Group I and II in this study, were well below 
this range, as well as that of the clinically acceptable range (less than             
10 μm).6,20,42 These results are indications of acceptable and standardized 
procedures adopted for fabrication of test samples. 
Following cyclic loading, all the samples were subjected to visual and 
tactile inspection to check for deformation and/or cast abutment-restoration 
loosening. None of the twenty test sample employed in the present study 
exhibited any of the above, following which the microgap measurements were 
done. In the present study, the mean microgap for Group I test samples cast 
using Ni-Cr alloy after cyclic loading was found to be 0.1914 µm. The mean 
microgap for Group II test samples cast using Co-Cr alloy after cyclic loading 
was found to be 0.2773 µm. There was a statistically significant (p < 0.05) 
decrease in the mean microgap values after cyclic loading respectively, for 
both test groups in the present study. Scientific literature regarding microgap 
evaluation after cyclic loading of screw-retained abutment restorations cast 
using Ni-Cr or Co-Cr alloys is lacking. Previous studies on the effect of cyclic 
loading on premachined titanium abutments with either external or internal 
hexagon connections have demonstrated an increase in mean post-load 
microgap values.
13
 Similarly, De Jesus Tavarez et al
13
 reported an increase in 
microgap values of about 5 μm after cyclic loading with cast-on gold 
abutments. Hoyer et al
21
 found an increase in microgap value in the range of 
10 μm to 15 μm after 1,00,000 cycles of loading with the use of premachined 
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gold abutments. However, interestingly the same study reported a reduction in 
microgap value after 5,00,000 cycles.  These limited studies, which evaluated 
the effect of cyclic loading and varying abutment materials on the microgap at 
the implant-abutment interface, reveal that the mechanical properties of the 
abutment material and probably also the duration of loading influences the fit 
at the implant-abutment interface.
53
 Yuzugullu et al
53
 compared the post-load 
mean microgap values between premachined titanium and custom machined 
alumina and zirconia abutments. Premachined titanium abutments exhibited a 
marginal increase in microgap only on the palatal side with no change on the 
other three sides, which was statistically insignificant. In contrast, they 
reported a marginal decrease in mean microgap values for custom-machined 
alumina and zirconia abutments after loading. The authors attributed this 
decrease in microgap to wear between contacting surfaces due to loading. 
Fretting wear occurs when repeated cyclic loading induces surface and 
subsurface breakup, resulting in loss of material. Fretting may have resulted in 
mating surfaces of both the abutment and implant surface to move closer. 
Even though the abutment screw might have ‘backed off’, the wear could have 
resulted in the surfaces settling towards each other, resulting in decrease of 
microgap. The findings in the present study are in line with those reported by 
Yuzugullu et al. Although the abutment materials employed here are different 
from their study, the same extrapolation can be drawn to interpret the results 
of the present study. Debris, an indicator of this wear, was evident at the 
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implant-cast abutment interface in the S.E.M. images after cyclic loading  
(Fig.44&45). However, this correlation needs further investigations. 
Further, these authors also evaluated that there was no significant 
difference in the post load behavior between abutment materials i.e., the 
decrease in microgap values exhibited by different materials was similar. This 
is also in line with findings in the present study where both inter-group                
pre-load and post-load comparisons are not significantly different between 
both the test groups. Thus it can be reasonably assumed that both the alloys 
exhibit similar behavior during fabrication and when subjected to loading.  
In the present study, even though our results showed the presence of 
gaps during the S.E.M. observation of the interface, caution must be taken 
when only this technique is considered as a method to evaluate the fit of the 
joint, since variations in gap sizes have been shown to occur along the implant 
radius in cross-sectional observations of this interface.
11,33,53
  
Although, these alloys appear satisfactory from a mechanical 
standpoint, biocompatibility issues remains. As 10% to 20% of the population 
is hypersensitive to Ni-based restorations, release of Ni ions in the surrounding 
tissues is a major concern. This release of ions occurs due to both occlusal 
wear as also due to corrosion in an acidic oral environment.
 
Co-Cr alloys have 
shown to be more corrosion-resistant and hence superior than Ni-Cr alloys.
43 
Hence, choice of cast abutment material can be based on individual operator’s 
preference in correlation with individual clinical requirement and the 
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biocompatibility data available with respect to these alloys. Further studies 
that focus on these parameters simulating clinical conditions are required. 
One of the limitations of the present study was that only a 6-month 
simulation of cyclic loading was performed. A longer loading period may 
affect the implant-cast abutment interface differently. The effect of cyclic 
loading on other mechanical parameters like reduction in preload, screw 
loosening, screw fracture, changes in platform surface characteristics and on 
biologic parameters like microbial leakage were not concomitantly evaluated. 
The effect of cyclic loading on the above parameters along with microgap 
assessment can be the basis of future studies. The cyclic loading was also 
performed under dry conditions. Corrosion fatigue performance of Ni-Cr and 
Co-Cr in saline environments at physiological temperatures, is of particular 
interest.
43 
Therefore, future studies should also verify if the aging process 
causes critical damage to Ni-Cr or Co-Cr restorations. 
Further research evaluating the effect of cyclic loading on the above 
parameters of castable abutments including other castable alloys for internal 
hexagon connections are recommended. Since there is no scientific support for 
the clinical belief that misfit alone contributes to clinical problems, in vivo 
studies regarding bone response to misfit can also be evaluated. More studies 
assessing the horizontal and rotational misfit as well as stress transfer of Ni-Cr 
and Co-Cr restorations are likely to provide better information regarding their 
clinical use and enhance the results obtained with the present study. 
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CONCLUSION 
The following conclusions were drawn from the results obtained in the 
present in-vitro study, which was conducted to comparatively evaluate the 
effect of cyclic load on the microgap at the implant-abutment interface, with 
the cast abutment-restorations fabricated using two different base metal alloys. 
The microgap measurements were done by scanning electron microscopy. 
1. The mean microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Nickel-Chromium (Ni-Cr) 
(Group I) before cyclic loading was found to be 2.7939 μm. 
2. The mean microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Ni-Cr (Group I) after cyclic 
loading was found to be 0.1914 μm. 
3. The mean microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Cobalt-Chromium (Co-Cr) 
(Group I) before cyclic loading was found to be 2.4002 μm. 
4. The mean microgap at the implant-abutment interface of cast 
abutment-restorations fabricated using Co-Cr (Group I) after cyclic 
loading was found to be 0.2773 μm. 
5. On comparison, the mean microgap values at the implant-abutment 
interface of cast abutment-restorations fabricated using Ni-Cr alloy, 
after cyclic loading (0.1914 μm) was lower than the mean microgap 
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value before cyclic loading (2.7939 μm) and their difference was found 
to be statistically significant (p – value < 0.05). 
6. On comparison, the mean microgap value at the implant-abutment 
interface of cast abutment-restorations fabricated using Co-Cr alloy, 
after cyclic loading (0.2773 μm) was lower than the mean microgap 
value before cyclic loading (2.4002 μm) and their difference was found 
to be statistically significant (p – value < 0.05). 
7. On comparison, the mean microgap values at the implant- abutment 
interface of cast abutment-restorations fabricated using Ni-Cr alloy 
(Group I - 2.7939 μm) and Co-Cr alloy (Group II - 2.4002 μm) before 
cyclic loading was found to be statistically insignificant                     
(p – value > 0.05). 
8. On comparison, the mean microgap values at the implant- abutment 
interface of cast abutment-restorations fabricated using Ni-Cr alloy 
(Group I - 0.1914 μm) and Co-Cr alloy (Group II - 0.2773 μm) after 
cyclic loading was found to be statistically insignificant (p – value > 
0.05). 
9. On overall comparison, the respective differences between the mean 
microgaps at the implant-abutment interface of Ni-Cr (Group I) and 
Co-Cr (Group II) screw-retained cast abutment-restorations, both 
before and after cyclic loading were found to be statistically 
insignificant. Cyclic loading had a significantly decreasing effect on 
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the microgap with both Ni-Cr (Group I) and Co-Cr (Group II) screw-
retained cast abutment-restorations and these were within the clinically 
acceptable range of 10 μm.  
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SUMMARY 
The present in-vitro study was conducted to comparatively evaluate the 
effect of cyclic load on the microgap at the implant-abutment interface, with 
the cast abutment-restorations fabricated using two different base metal alloys.   
Twenty titanium implants were placed individually into 
autopolymerizing acrylic resin in custom stainless steel blocks and randomly 
divided into two groups of ten each. In Group I, ten screw-retained cast 
abutment-restorations obtained with Nickel-Chromium (Ni-Cr) alloy were 
connected to their corresponding implants and torqued to 35 Ncm. In Group II, 
ten screw-retained cast abutment-restorations obtained with Cobalt-Chromium 
(Co-Cr) alloy were similarly connected to their corresponding implants. The 
screw access hole was then sealed with light cure composite resin. The facial, 
mesial, palatal and distal surfaces of each test sample were labeled as A, B, C 
and D respectively.  
Scanning electron microscope was employed to quantify the microgap 
at the implant-cast abutment interface individually for each test sample. One 
measurement each was obtained for four surfaces (A, B, C and D), of each test 
sample. The mean microgap for each sample and then for each group was 
obtained. Cyclic loading was performed for each sample individually at an 
angulation of 30
o
 and subjected to cyclic loads simulating 6 months of 
function. Following cyclic loading, the microgap was again measured and 
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mean microgap calculated for each sample and then for each group in a similar 
manner as mentioned previously. The data obtained from the study was 
tabulated and statistically analyzed.  
The mean microgap at the implant-cast abutment interface for both 
Group I (Ni-Cr screw-retained cast abutment-restoration) and Group II (Co-Cr 
screw-retained cast abutment-restoration) test samples was significantly lower 
after cyclic loading than the mean microgap before cyclic loading. This may 
be attributed to possible fretting wear of test samples due to cyclic loading.  
On comparison, the respective differences between the mean pre and 
post cyclic load microgap measurements for both test groups were statistically 
insignificant. This was suggestive of similar behavior between both Ni-Cr and 
Co-Cr alloys. Hence, choice of cast abutment-restoration material can be 
based on individual operator’s preference in correlation with clinical 
requirements and biocompatibility data available with respect to these alloys. 
In this in-vitro study, the mean values of microgap obtained were less 
than 10 μm for screw-retained cast abutment-restorations, fabricated using    
Ni-Cr and Co-Cr alloy samples before and after cyclic loading which is in tune 
with those obtained in previous studies and considered to be within the 
clinically acceptable range.
30,48,53
  
Further investigations including longer loading periods, larger sample 
size and combined evaluations with other mechanical and biological 
parameters are recommended to enhance the results obtained with the present 
study. 
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